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<5) Spiral wound filtration system and method of utilizing same. 



© A filtration system and method constitute the 
subject matter of the present invention, The system 
comprises first and second filtration stages (38, 40) 
which are joined in series with each stage compris- 
ing a plurality of filtration modules (16} arranged for 
parallel flow. The concentrate from the first stage 
(38) forms the feed for the second stage (40) and a 



portion of the second stage (40) concentrate is recir- 
culated to the first stage feed stream. A feed pump 
(68) and a recirculating pump (58) together with 
appropriate flow controllers and valves provide 
means for effecting control over both pressure and 
flow rate within the system. 
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This invention relates generally to filtration 
technology and, more specifically, to a method and 
apparatus for Increasing the efficiency of a filtration 
system employing multiple stages, 

While the Invention will be described with par- 
ticular reference to spiral wound filtration mem- 
branes and modules containing spiral wound mem- 
branes, it is to be understood that the invention is 
applicable to other types of filtration where multiple 
modules are employed, 

A typical spiral wound filtration module is 
shown and described in U.S. Patent No. 4,301,013, 
issued November 17, 1981. Spiral wound filtration 
membranes have many advantages as a result of 
their high surface to volume ratio, low holdup vol- 
ume, and generally uniform flow patterns, Spiral 
wound membranes are particularly useful in ultra 
filtration processes such as those used in the dairy 
industry for concentrating cheese whey as weii as 
the separation and concentration of other separable 
components of a fluid milk product* 

A typicai spiral wound Filtration system em- 
ploys a spiral wound membrane that is wound 
around a perforated central tube and enclosed 
within a housing, Typically, multiple spiral wound 
membranes, also known as modules, are coupled 
in series within a single housing and one or more 
housings may also be joined together for carrying 
out the filtration process. 

Two well-known configurations for filtration 
modules that are to be employed in a multiple 
stage filtration system are the so-called "once 
through" concept or "Christmas tree" design and 
the "recirculating" design. 

in the weil-known "once through" design, a 
plurality of housings each having multiple modules 
disposed therein are placed in parallel relationship 
and a feed stream is directed by parallel flow 
through the housings. The concentrate from the 
housings is then fed to a second stage which 
normally has fewer housings than the preceding 
stage. The feed is again directed by parallel flow 
through the second stage housings and the con- 
centrate from this stage is directed to a third stage. 
The third stage has fewer housings than the sec- 
ond stage and the number of housings is contin- 
ually reduced in each successive stage until the 
final concentration is reached. The concentrate 
from the last two housings is the end product. This 
particular design is theoretically the most efficient 
means of operating a multiple stage filtration sys- 
tem, but it is limited in its versatility to process 
alternative feed rates. Also, as the permeability of 
the filtering media decreases during use, it is nee- 
essary to increase the system pressure to com- 
pensate. As the pressure increases, the flow rate 
may decrease because of limitations of the equip- 
ment thereby creating a counterproductive situ- 



ation. Thus, the objective of maintaining a predeter- 
mined cross-flow velocity through the system is 
only partially met through compromising one factor 
in favor of another. 
5 Another weli-known design for a filtration sys- 
tem employing multiple modules is referred to as 
the "recirculating" design. A typical arrangement 
for a recirculating filtration system is shown in FIG. 
1 of the drawing and will be discussed in greater 
w detail hereinafter, 

Briefly stated, the recirculating In series design 
employs a recirculating pump in association with 
each stage and a portion of the concentrate from 
each stage is recirculated to the feed stream of 
is that same stage. The recirculating design offers 
greater flexibility in controlling pressure and flow 
rate, but is also more expensive because of the 
additional pumping energy that is required. 

It is, therefore, a primary objective of the 
20 , present invention to provide a method and appara- 
tus for a multiple stage filtration system which 
provides for greater flexibility within the system and 
greater control over pressure and flow rate than is 
possible with once through designs of the prior art 
as and yet offers considerable cost savings over recir- 
culating designs of the prior art 

An important objective of this invention is to 
provide a method and apparatus for accomplishing 
the advantages of a once through multiple stage 
30 filtration system by having two or more stages 
arranged in series, but aiso achieving some of the 
advantages of a recirculating design by employing 
a recirculating stream. 

It is aiso an aim of my invention to provide for 
3$ greater efficiency in a multiple stage filtration sys- 
tem by taking advantage of hardware design pa- 
rameters which can allow for increasing system 
pressure at a much lower cost than increasing the 
system flow rate since hardware costs are influ- 
40 enced more by capacity than system pressure. 

Still another objective of this invention is to 
provide a multiple stage filtration system which 
takes advantage of a recirculating design but at a 
much lower cost than conventional multiple stages 
45 in series recirculating systems by coupling multiple 
stages in series before recirculating rather than 
recirculating after each stage as has characterized 
the prior art. 

Other objects of the invention will be made 
so clear or become apparent from the following de- 
scription and claims when read in light of the 
accompanying drawings wherein: 

FIG. 1 is a schematic illustration of recirculating 
stages in series design that is well known in the 
55 prior art; 

FIG. 2 is a schematic illustration of a system 
design incorporating the features of the present 
invention; and 
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FIG. 3 is an enlarged cross-sectional view of a 
typical filtration module enclosed within a hous- 
ing or vessel. 

Referring initially to FIG. 1, as previously noted 
this is a schematic illustration of a recirculating 
stages in series design for a filtration system of the 
prior art. This system is designated generally by 
the numeral 10 and includes four identical recir- 
culating stages, each of which is designated gen- 
erally by the numeral 12, Each stage 12 includes a 
plurality of housings or vessels 14 arranged in 
parallel to accommodate parallel flow of a feed 
stream liquid. Each housing contains three mod- 
ules 16 which, though not so shown, are connected 
In series within the housing, A feed line 18 is 
connected with each of the housings 14 for direct- 
ing the liquid feed stream in parallel flow through 
the respective housings. The permeate from each 
housing 14 is directed through an appropriate con- 
duit {not shown) to a main permeate conveying line 
20. The concentrate output from each housing 14 
is directed to a concentrate conveying line 22 
which divides into a line 24 that serves as a feed 
stream line for the next stage and a recirculating 
line 26 that is coupled with a recirculating pump 
28. The main feed stream to system 10 is via a 
feed line 30 coupled with a feed pump 32 which in 
turn is coupled with recirculating line 26 via a line 
34, It is, of course, to be understood that appro- 
priate valves and controllers (not shown) would be 
utilized to complete system 10, 

The recirculating stages in series design of 
FIG. 1 operates by feeding liquid to be separated 
into permeate and concentrate fractions by intro- 
ducing the liquid through feed line 30, pumps 28 
and 32, and lines 34 and 18, to the multiple hous- 
ings 14. In the housings 14, the permeate passes 
radially through the individual modules 16 while the 
concentrate moves axialiy. A portion of the con- 
centrate passes via lines 22 and 24 to the next 
stage while the remainder of the concentrate is 
recirculating via line 28 and pump 28 to the feed 
line 18. This system provides for improved control 
over pressure and flow rate (when compared with a 
"once through" design) as a result of the ability to 
vary the pressure head and volume through pumps 
28 and 32, Because of the need to have a recir- 
culating pump and associated valving and control- 
lers for each stage, however, the cost of the recir- 
culating stages in series design is relatively high. 
An example of the foregoing described system is 
shown in FIG. 1, Six housings in parallel per stage 
are employed with three modules in series within 
each housing, A total of four stages are shown. 
One pump and associated valves and controllers 
for each of the four stages would typically be 
required, in addition to the pump which feeds the 
first stage. 



Turning now to the system of the present invention 
which is shown in FIG. 2 and designated generally 
by the numeral 36, this system includes two stages 
designated by the numerals 38 and 40, Stage 38 

5 comprises a plurality of housings 14 that are dis- 
posed in parallel relationship and each contains 
three modules 16 connected in series within the 
housing. Each housing is fed by a supply manifold 
42 having feeder lines 44 connected to the inlet of 

10 each housing. The permeate from the three mod- 
ules 16 contained within a housing 14 is directed 
via a permeate line 46 to a trunk line 48 which is 
coupled with all of the lines 46 from the respective 
housings. 

is The concentrate output from each housing 14 
is transported via a line 50 to a concentrate mani- 
fold 52 which is coupled with all of the lines 50 
from the respective housings. Leading off of mani- 
fold 52 are a plurality of lines 54 which feed the 
20 housings 14 of the second stage 40. 

As is readily apparent from viewing FIG. 2, 
second stage 40 is identical to first stage 38 with 
the exception that there are two fewer housings 14 
in parallel. For clarity, the permeate trunk line of 
25 the second stage has been designated by the 
numeral 48a. The concentrate manifold for second 
stage 40 has been designated by the numeral 52a. 
A return line 56 extends from manifold 52a to a 
recirculating pump 58. A product outlet 60 removes 
30 that portion of the concentrate which does not 
move through line 56 and includes a control valve 
62 for controlling the amount of concentrate leaving 
the system via this line. The output from recir- 
culating pump 58 is moved through a connecting 
35 n ne 64 to supply manifoid 42. A second control 
valve 62 is used to vary the amount of liquid 
passing through line 64. 

A feed line 66 introduces the liquid to be 
separated to a feed pump 68 which is connected 
40 via line 70 to recirculating pump 58. A third control 
valve 62 is located in line 70 to control the output 
from pump 68. A first flow controller Ci monitors 
the flow rate through valve 62 in line 70 and is 
connected via a control line 72 to a second control- 
's tor Cz which monitors the flow through the valve 62 
of line 60. 

Referring now to FIG. 3 f a housing 14 is shown 
in cross-sectional detail. It is to be noted that for 
purposes of simplicity and brevity only a single 

so module 16 is shown in the housing while in actual 
practice multiple modules usually are present with- 
in any one housing 14. Mounted centrally through 
an opening in housing 14 is a permeate pipe 74 
characterized by a plurality of openings 76 in the 

56 pipe wall. Wound around pipe 74 is a filtration 
material which may be comprised of multiple lay- 
ers of a suitable membrane 78 the windings of 
which are separated by a membrane spacer 80 
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comprised of a loosely knitted inert material. One 
end of housing 14 is provided with a suitable 
opening {not shown) for receiving liquid feed from 
line 44. It is, of course, to be understood that the 
location of feeder line 44 may be at any place on 
the input side of housing 14. Another opening {not 
shown) at the outlet end of housing 14 commu- 
nicates with concentrate output line 50 which con- 
nects with the concentrate manifotd in the manner 
previously described. The permeate which passes 
through the filter media and openings 78 is col- 
lected in pipe 74 which communicates either with 
an adjoining permeate pipe of the next module or 
in the case of the final module within the connec- 
tion Is with permeate line 46 which delivers the 
permeate to a remote processing location through 
trunk line 48, 

In operation, a fluid feed stream containing a 
liquid to be separated into a concentrate fraction 
and a permeate fraction is delivered via feed line 
68 to feed pump 68 and thence to recirculating 
pump 58 and supply manifold 42. Valves 62 are 
utilized to control the flow through the pumps 58 
and 68 while a third valve 62 located in product 
outlet 60 may be used to further control the pres- 
sure within the system by limiting the amount of 
product which is being taken off. Controllers Ci 
and C2 monitor the flow through valves 62 in the 
feed line 70 and the product outlet line 60 and are 
designed to maintain a constant pressure flow ratio 
between the feed inlet 70 and outlet line 80 on 
opposite sides of the system. The third valve 62 {in 
line 64) allows the flow rate and pressure on the 
input side of the system to be controlled indepen- 
dently of controllers & and Ca. 

Liquid to be separated is directed to the first 
stage of the filtering system 38 where the feed 
stream is divided and passes simultaneously in 
parallel flow through first stage modules 14, The 
liquid passes through filtration modules 16 in each 
housing 14 where the permeate passes radially 
through the filtering media into permeate pipe 74 
and the concentrate passes axially through the filter 
media and out the far end of the housing. Perme- 
ate is collected in the trunk line 48 which carries it 
to a remote location for further processing. Con- 
centrate from each housing 14 is removed via line 
50 where it is directed to the concentrate manifold 
52. 

The second stage 40 also has a plurality of 
housings 14, but fewer than the number of hous- 
ings in the first stage (two fewer in the example 
shown). The reduction in the number of housings 
maintains an adequate cross-fiow velocity by com- 
pensating for permeation. The concentrate from 
first stage 38 forms the feed for second stage 40 
and is introduced into the second stage housings 
via lines 54, As indicated in FIG. 2, housings 14 In 



the second stage are also arranged for simulta- 
neous parallel flow of the feed liquid through the 
housings, The second stage housings are, in effect, 
coupled in series with the corresponding housings 

s of the first stage and further concentration of the 
liquid into permeate and concentrate fractions oc- 
curs in the second stage in the same manner as 
previously described for the first stage, 

Permeate from the second stage is delivered 

70 via lines 46 to frunk line 48a which is coupled with 
the first stage trunk line 48. Concentrate from the 
second stage housing 14 is directed via lines 50 to 
the second stage concentrate manifold 52a which 
divides into lines 56 and 80. A portion of the 

15 concentrate is removed via line 60 and directed to 
a remote location for further processing. The re- 
maining concentrate is recirculating through line 56 
and recirculating pump 58. By employing a com- 
bination of once through and recirculating design 

20 features, considerable efficiencies are obtained 
which take advantage of hardware economics to 
increase the efficiency of the system. This in- 
creased efficiency is best understood by compar- 
ing FIGS. 1 and 2. It is to be noted that system 10 

25 of the prior art illustrated in FIG. 1 has the same 
number of filtration modules 16 as the system 36 
of the present invention. Because pump costs are 
most affected by pump flow rate capacity as op- 
posed to pump head pressure, a single recircuiat- 

30 ing pump 58, which is only slightly larger in flow 
capacity and pressure rating than recirculating 
pump 28 of the prior art, may be employed. By 
arranging the modules according to the configura- 
tion suggested by the present invention, three of 

35 the four recirculating pumps 28 shown in FIG, 1 are 
completely eliminated, Further savings are realized 
by eliminating the valves, controllers and other 
hardware costs which must be associated with 
each recirculating stage. 

40 The filtration system of the present invention 
also represents considerable operating efficiencies 
when compared with "once through" designs of the 
prior art because the utilization of recirculating 
pump 58 in combination with feed pump 68 pro- 

45 vides the ability to control pressure and flow rate 
independently and to have a much wider operating 
range of flow rates and pressures than is possible 
with only a single pump- 
It will be appreciated that the present invention 

so also encompasses a method of filtering a liquid into 
permeate and concentrate fractions which includes 
providing a plurality of first filtration modules dis- 
posed in side-by-side relationship for receiving a 
feed stream which is passed through the modules 

55 in parallel flow, The concentrate from the plurality 
of first stage modules is fed to a plurality of second 
stage modules which are disposed in series with 
the first stage modules and in parallel with each 
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other so that the concentrate proceeds in parallel 
flow through the second stage modules. The con- 
centrate from the second stage is partially recir- 
culated to the first stage where it joins the initial 
feed stream. It is preferable to sense the liquid flow 5 
rate during both the passing of the feed stream and 
the recirculated steps to maintain a constant How 
pressure on the system as these two steps are 
performed, 

White system economics are such that the jo 
equipment and method of the present invention will 
normally comprise two filtration stages, each hav- 
ing a plurality of modules in parallel which are 
joined in series between two stages, it is within the 
scope of the invention to join additional stages in is 
series before the recycling step is carried out. 

it should also be understood that the number of 
modules per housing and the number of housings 
per stage can be varied to meet the specifications 
for a particular filtration system, it Is also to be m 
noted that two adjacent housings 14 could be con- 
nected directly in series with the permeate pipe 
from one housing going directly to the permeate 
pipe in the next housing. The two end housings of 
the first stage could then have their concentrate 35 
output lines joined directly to one or more of the 
feed pipes for the second stage. 

From the foregoing, it will be seen that this 
Invention is one well adapted to attain all the ends 
and objects hereinabove set forth as well as other so 
advantages which are likely to become apparent 
upon utilization of the invention in commercial ap- 
plications. 

it will be understood that certain features and 
subcombinations of the invention disclosed are of ss 
utility and may be employed without reference to 
other features and subcombinations, This is con- 
templated by and is within the scope of the claims. 
Since many possible embodiments may be made 
of the invention without departing from the scope 40 
thereof, it is understood that all matter herein set 
forth or shown in the accompanying drawings is to 
be interpreted as illustrative and not in a limiting 
sense. 

Claims 

1. A filtration system for separating a fluid feed 
stream into a concentrate fraction and a per- 
meate fraction, said system comprising: a first so 
stage (38) comprising a plurality of filtration 
modules (16) disposed in side-by-side relation- 
ship for parallel flow of said fluid feed stream 
through said first stage modules, each of said 
modules (16) having an inlet, a concentrate 55 
outlet, and a permeate outlet; a second stage 
(40) comprising a plurality of filtration modules 
(16) coupled in parallel with each other; means 



(50, 52, 54) for enabling concentrate from said 
first stage module (16) to pass directly to said 
second stage modules (16) without passing 
through a pump; means (68) for forcing said 
feed stream through said first and second 
stages; and means (58) for recycling a portion 
of the concentrate from said second stage to 
said first stage. 

Z A filtration system as set forth in claim 1, 
wherein the number of modules (16) in said 
second stage is less than the number of mod- 
ules (16) in the first stage, 

3* A filtration system as set forth in claim 2, 
wherein said means for forcing said feed 
stream comprises first pump means (58) and 
said means for recycling a portion of the con- 
centrate comprises second pump means {68} 
and wherein is also included means (Ci, Ca) 
for sensing the flow rate through both of said 
first and second pump means r said sensing 
means including means for maintaining a con- 
stant ratio between the flow rates of said first 
and second pump means (58, 68); and wherein 
is further included flow control means (82) for 
controlling the flow through one of said First 
and second pump means independent of said 
means for sensing the flow rate, 

4, A filtration system as set forth in claim 1, 
wherein each of said modules (16) comprises 
a spiral wound filtration membrane (78). 

5* A filtration system for separating a fluid feed 
stream into a concentrate fraction and a per- 
meate fraction, said system comprising: a first 
stage (38) comprising a plurality of first hous- 
ing members (14) disposed in parallel relation- 
ship, each housing member (14) having at 
least one spiral wound membrane module (16) 
received therein, and each housing (14) further 
having an inlet, a concentrate outlet and a 
permeate outlet; means (68) for introducing 
said feed stream to said first housing mem- 
bers; a second stage (40) comprising a plural- 
ity of second housing members (16) disposed 
in parallel relationship with each other and 
coupled in series with some of said first hous- 
ing members (16), the number of said second 
housing (16) members being at least one fewer 
than the number of said first housing mem- 
bers, each of said second housings (16) having 
an inlet, a concentrate outlet and a permeate 
outlet; means (50, 52, 54) for enabling con- 
centrate from said first stage module (16) to 
pass directly to said second stage modules 
(16) without passing through a pump; each of 
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said second housing members {16) having at 
least one spiral wound membrane module (16) 
received therein; and means (58) for recycling 
a portion of the concentrate from said second 
stage (40) housings (16) to said first stage s 
(38) housings (16). 

A method of filtering a liquid comprised of at 
least two separable components, said method 
comprising the steps of; providing a plurality of to 
first filtration modules (16) in side-by-side rela- 
tionship; passing a feed stream of said liquid 
through said modules (16) in parallel flow; 
feeding the concentrate from said first modules 
(16) directly to a plurality of second modules is 
(16) without passing through a pump, said sec- 
ond modules being disposed in side-by-side 
relationship for parallel flow of said concentrate 
through the second moduies; and recycling a 
portion of the concentrate from said second 20 
moduies to said feed stream, 

A method as set forth in claim 6, wherein the 
number of modules (16) in said second plural- 
ity is less than the number of moduies (16) in 25 
said first plurality. 

A method as set forth in claim 7, wherein is 
included the steps of: sensing the liquid flow 
rate during both said passing and recycling 30 
steps and maintaining a substantially constant 
flow ratio as these two steps are performed, 

A method as set forth in claim 8, wherein is 
included the step of controlling the liquid flow 35 
during at least one of said passing and re- 
cycling steps independently of said maintain- 
ing step. 
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